The study is based on a full floristic inventory of floodplain forests in South Moravia along the upper part of the Dyje River (Forest district Valtice). The study area is located in the Dolní Morava Biosphere Reserve and includes several Sites of Community Importance within Natura 2000. The aim of the inventory was to analyze diversity of herb and woody species occuring in the study area, including both native protected and threatened species, and invasive species. The study area was divided into segments. A segment represented the smallest unit of spatial forest division -"forest stand part". The species were recorded into a special scratch-list. Altogether, 656 plant species were found. The floristic database has been integrated with GIS. Maps of distribution of selected plant species or groups of plants were produced. On the basis of geographical visualization of the above mentioned results we identified areas with a high diversity of all species and endangered species. The results may be used as a base for adaptive forest and environmental management.
INTRODUCTION
Alluvial areas, ecotones between terrestrial and aquatic ecosystems belong to the most dynamic and productive ecological systems. They perform many valuable functions in the landscape (Naiman and DeCamps 1997; Naiman et al. 1993 Naiman et al. , 2005 Verry et al. 2000) . Alluvial areas are often hotspots of biodiversity: species richness of certain organisms, such as vascular plants, often far exceeds that of the adjacent upland habitats (Naiman et al. 1993 (Naiman et al. , 2005 Stohlgren et al. 1998 ). The high biodiversity based on high variability of site conditions is typical for floodplain forests (Hager, Klimo 2001) . The important ecological functions of alluvial areas, and their value in biodiversity conservation, have made alluvial landscape conservation and restoration a high priority for ecosystem managers in many countries (Naiman et al. 2005; Verry et al. 2000) .
Riparian ecosystems are important elements in landscapes that often provide a disproportionately wide range of ecosystem services and conservation benefits (Jones et al. 2010) . From nature conservation point of view it is especially the ability to fill the considerable ecostabilizing and corridor functions for biodiversity maintenance in the riverine landscape (Maděra et. al 2004) . Mature and diverse floodplain forests are among the world's most diminished ecosystems and conservationists are in need of a method to identify the best remaining examples of these systems (Anderson, 2010) .
The nutrient-rich floodplain soil forms a prime medium for agriculture and forestry, the practice of which has led to extensive flood regulation and the direct loss of the natural habitat. In the northeast of the USA, floodplains are among the most converted and least protected settings in the region, and, globally, temperate rivers and their floodplain wetlands are among the most threatened ecosystems (Dynesius and Nilsson 1994) . Similarly in Central Europe, due to the long-term and intensive anthropogenic effects in floodplains (Wenger et al., 1990) , large numbers of extensive tracts of floodplain forests have been destroyed.
The aim of the study is to collect and evaluate data on diversity and distribution of vascular plants in the study area as a basis for the assesment of principles of adaptive management.
MATERIAL AND METHODS

Study area
Floodplain forests of the Dyje-Morava alluvium in the Czech Republic rank with the most preserved and most extensive regions of floodplain communities in Central Europe. The man-made natural forests are prevailing, however, they were affected by changes in the hydrological regime caused by complex hydrotechnical measures of the south-moravian region in the seventies (Penka et al. 1991) . This, one of the largest coherent forest complex in Central Europe, serves as an important instrument for sustainable development of the area based on the following three pillars (Tab.1). Habitat for endangered flora
Protection against floods
History of forest management in the study area (Nožička, 1956 ) is crucial for understanding of the current state. Alluvia of the Dyje and the Morava rivers have been continuously inhabited since the Stone Age. Famous archeological locations from the times of mammoth hunters to the Slavonian age were found there. In the Middle Ages, coppice forests with 7year rotation are described and coppices with standard are documented, too. The forests were used for livestock grazing (especially pigs) due to acorn production. The "modern forest management" began under the Lichtenstein family ownership in the middle of the18th century. The conversion of coppice forest to high forest started by using the way of alternate forestry (agroforestry) system. In 1945, the Lichtenstein ownership was nationalized by the former Czechoslovak Republic and an intensive socialist management was started. The area was behind the Iron-curtain due to its location near the Austrian border. It was the reason why the near-natural forests were not replaced by poplar plantations and the area preserved its high biological value. After the "Velvet revolution" (1989) in the Czech Republic,scientists gradually discovered the significance of the area from the nature conservation point of view. This was mainly due to the occurence of vascular plants , Vicherek et al. (2000) . Nature protection pays increased attention to this area, a small part of the study area belongs to the Pálava Landscape Protected Area, a few small-scale nature reserves were declared in the area of study and important sites of NATURA 2000 are also located there. The study area belongs to the Lower Morava Biosphere reserve of UNESCO. On the other hand, the floodplain forests in the Dyje river alluvium, as highly productive forests, are managed by the Židlochovice Forest Enterprise. The subject of this study was the Valtice forest district with area of 1,600 ha.
METHODS
All vascular plants were recorded up to the level of segments within the study area; each segment corresponds with one stand part, i.e. the smallest unit of spatial division of forest. In each segment the presence of species was marked on a scratch-list which contained 263 most common herb species of South Moravian floodplain forests. More rare herb species and woody plants were then added to the list. Species present only on the edge of the particular segment are marked separately (stand in contact with a forest road, water channel, forest aisle, meadow) and so are dominant species (with the cover of 40% or more). A record is the presence of one species in one segment. Scratch-lists were transferred into databases and served for further elaboration. A segment becomes a locality once it was digitalized (a point in a map). GIS environment (ArcGIS) was used for digitalization and elaboration of species distribution maps.
RESULTS
Importance of the area from the biodiversity point of view
Based on field surveys we found the total of 656 species of vascular plants (563 herbs and 93 woody plants ) in 38,890 records, however, 170 of them were adventive species (according to Pyšek et al. 2002) in 6,822 records, 102 archaeophytes (4,151 records) and 68 neophytes (2,671 records). On the other hand, 110 endangered species were determined in 2,869 records acording to the Red list of vascular plants of the Czech Republic (Holub, Procházka 2000) , out of which 24 species are protected by the Czech law. The results show the enormous significance of the study area for biodiversity conservation but also highlight the problem of adventive species expansion (26% of species, 17.5% of records). When considering indigenousness, the fact is that 170 recorded plant species belong to various categories of adventive species (Tab.2) out of which are 102 species archeophytic and 68 neophytic; 49 species are invasive. Only Cirsium arvense in 72 % of segments, Tanacetum vulgare (44% segments), Tripleurospermum inodorum (31 % segments), Viola odorata (31 % segments) and Cirsium vulgare (21 % segments) are invasive archeophytes of higher importance whereas only the first of them tends to become dominant on woodland edges and clearings. The most important invasive neophyte is without a doubt a highly aggressive species of the area, Aster lanceolatus, which is present in more than 69% of segments and often dominant in younger and older stands of floodplain forest causing nowadays a nearly irresolvable problem (Řepka, Maděra 2009a) . Also other invasive species, like Impatiens parviflora, Bidens frondosa, Conyza canadensis, Acer negundo and Impatiens glandulifera are abundant in the area and tend to penetrate woodland communities.
Should we concentrate on endagered and protected species, there are 110 plant species (Tab.3) in this area whereas 24 species are protected by law with the total number of 205 records in segments. The biotope of floodplain forests is of a great importance for species like Leucojum aestivum (14% segments), Euphorbia palustris (2%) and E.lucida (8%), Carex divulsa (34,5%), Cardamine dentata (2%), Carex strigosa (1%) or Carex riparia (82%). Other species indicating heavy soils with variable moisture or soils subhalophylous have the centre of occurrence on alluvial meadows and only occur on woodland edges or clearings -they are for example 
Centers of biodiversity
Map 1 shows the distribution of segments (stand parts) according to biodiversity level. They help to distinguish the most valuable areas from the biodiversity point of view.
Map 1: Number of all vascular plant species per segment
Endangered species distribution
The knowledge of endangered species distribution (maps 2 and 3) is very important for forest managers and nature protection authorities. They can directly adjust their silvicultural and forest restoration measures. Importance of developmental stages of forest stands Forestry in the study area has longterm used clear cuttings system for forest restoration especially by oak as a light demanding tree species. This system was used by conversion of low forest form to high forest form more than two hundred years ago. Agricultural crops (corn, potatoes) were planted among rows of young trees in those times.
We determined group of herbs with high fidelity to clearings -69 species (12.3% of all herbs) occured in clearings in more than 50% records, 14 of them (14.3% of all endangered species) belong to endangered (Tab. 4). 
Importance of forest edges
Forest edges serve not only as an important habitat for some herb species but also as corridors for their dispersion. According to Table 5 , 58 herb species show high fidelity (occurence in more than 50% of records) to habitats of forest edges (10.3% of all herbs), 15 of them (15.3% of all endangered species) belong to endangered. 
Identification of key problems and main management measures of floodplain forests
Various types of floodplain forest communities occur in the alluvium of wide lowland rivers (Maděra et al. 2008 ) based on changing site conditions. The main ecological factors influencing species composition of floodplain communities are the height of groundwater table, the presence and duration of floods and the type of soil. The effective forest management respecting biodiversity maintenance must be based on forest type differentiation. The Umbrella species theory (Roberge, Angelstam 2004) seems to be suitable and applicable for suggestion of management principles of various floodplain forest habitats, as Machar (2008 Machar ( , 2010 demonstrates on examples from the Morava River basin (Czech Republic). The most usefull umbrella species of floodplain forest communities should be woody plants within the vascular plants. One umbrella woody plant species for each type of floodplain forest communities is mentioned below.
Saliceta albae -the young developmental stages of the floodplain forest communities on fresh riparian sediment loads, in the convex bank parts of meanders. The umbrella species of this community is White Willow (Salix alba). Due to the stream channel regulations the biotopes of these communities decreased significantly.
Key problem:
• Lack of habitats due to river regulations Main management measures:
• Regeneration of the biotopes by river revitalisation • Rain of seeds or the water bank of seedlings can be used for rejuvenation ) • Traditional way of utilization -coppicing or pollarding • Possible to regenerate in a vegetative way Alni glutinosae-saliceta -along gradually earthed riverside lakes, the wettest depressions in the alluvium. The umbrella species of this community is Common Alder (Alnus glutinosa).
• Due to the stream channel regulations the process of meandering was eliminated together with the elimination of riverine lakes. Current biotopes fill up and mature successively; with the decrease of underground water level they gradually change into drier types of floodplain forest. Main management measures:
• Regeneration of river processes leading towards meandering of the river, however it is possible create habitats the artificial way (dig out new pools) • Old riverine lakes can be rejuvenated by the removal of mud sediments • Recent fragments of communities should be revitalized by the increase of the underground water level with the help of revitalization canals • Alder trees would be necessary to regenerate mostly artificially because the current representation is in this particular area minimal
Querci roboris-fraxineta -most typical community of hardwood floodplain. The umbrella species of this community is Pedunculate Oak (Quercus robur).
Key problem:
• This hardwood community used to be the most widespread forest community of the lower part of the Morava River catchment area -60% of the extent of the forest prior to the channel stream regulation. Following the regulations and underground water level decreas their extent dropped to a half. Main management measures:
• The community is dependent on floods and high underground water level, it is possible to improve by artifitial channels and floods, however, river revitalisation should the best solution • Forest managers still have to rely on clear felling method when regenerating stands with higher percentage of oak • It is necessary to focus the research to finding a way of natural regeneration • An effective minimal size of a clear felled area has to be set (find a compromise between ecological requirements of Pedunculate Oak for light and a good quality production and at the same time to minimise the negative effect of clear felling on plant diversity) • Preservation of standards, care for mature trees Ulmi-fraxineta carpini -the driest type of hardwood floodplain which is mainly not flooded and with the water table situated deeper than 150 cm. The umbrella species of this community is the European White Elm (Ulmus laevis), important is also Smooth-leaved Elm (Ulmus minor). It is nowadays the most widespread biotope (approximately 60% of floodplain forests).
• Both Elms are strongly affected by grafiosis, their population survives only thanks to the ability of these species to create root stools. Main management measures:
• Search for mature trees immune against grafiosis • Seed collection of those trees followed by cultivation of planting stock • Cultivation of resistant clones • Not to plant elm in monocultures, always as an additional tree • Increase the percentage of natural regeneration of communities • Oak remains the main productive woody vegetation in these production stands
Ulmi-fraxineta populi -on the sand sediment loads, particularly on the natural levees skirting the water courses. The umbrella species of this community is Black Poplar (Populus nigra) but the community is also important due to the occurrence of other poplar species (P.alba, P. x canescens).
• These communities were the most affected by the stream channel regulation because their occurrence is connected to a relatively narrow belt of sandy gradation mound in proximity of the river. Key problem is to preserve suitable biotopes and the connected water regime. The biotope is dependent upon a regular sedimentation of sandy sediments during floods. Main management measures:
• Rain of seeds or the water bank of seedlings can be used to regenerate poplars • Due to the danger of introgressive hybridisation with cultivated clones of P. x canadensis and genetical erosion of P. nigra, it is more suitable to establish sufficient numbers of suitable parental trees for inventory and to regenerate them vegetatively
DISCUSSION
Human modifications of streams and rivers have caused extensive stream channel and riparian degradation (Meixler, Bain, 2010) . The most serious problem of the study area is the absence of natural hydrological regime due to the regulation of main water courses. The variety of riparian plant communities found in natural floodplains is mainly controlled by the flow regime (Poff et al. 1997) , which generates physical disturbance and environmental stress on riparian vegetation, ultimately affecting its temporal and spatial dynamics (Shafroth et al. 2002) . The dynamic fluvial succession by the absence of natural hydrological regime lead to the increase of occurence of late-serial stages (the driest types of hard-wood forests) and on the contrary, to the decrease of initial-serial stages. Gonzáles (2010) described progressive area decrease (up to 37%) of the pioneer forest types (Populus nigra, Salix alba and Tamarix spp.) since the intensification of river regulation in the mediterranean region. In contrast, non-pioneer senescent forests have doubled their surface after river regulation was intensified. The deceleration and near elimination of the free meander dynamics of the Ebro channel represent an important loss of natural heritage. Dams, land-use changes throughout the basin, and construction of flood defences that restrict the main channel have changed behaviour of the river system which urgently needs a management plan combining both, improvement and risk reduction (Ollero, 2010) .
Based on these findings Gonzáles (2010) recommended measures principally aimed at recovering some hydrogeomorphic dynamism to guarantee the self-sustainability of the floodplain forest ecosystem (González, 2010) . In this sense, according to Comín et al. (2005) , the most effective restoration approach in the Middle Ebro should focus on the recovery of some hydrogeomorphic dynamism (i.e., channel migration, periodic creation of new barren sites, reactivation of secondary channels, meander cut-offs, renaturalized hydroperiod, etc.) both, at the basin and the reach scale, within the current socioeconomic context (Comín and others 2005) . Thus, the ideal hydrogeomorphic regime would not necessarily be the preregulation state but one 'renaturalized', which led to a selfsustainable forest structure at patch and landscape scale, guaranteed their ecological functions and provided services to society (Dufour and Piégay 2009) . Ollero (2010) proposed as a solution the creation of a "Fluvial Territory". Meixler & Bain (2010) developed the costeffective, rapid assessment tools can be used to better manage such areas by identifying the status of habitats for restoration planning and protection. Managers can use these costeffective strategy development tools to identify candidate reaches for further study and prioritize stream channel and riparian restoration actions over large regions.
High native plant diversity in riparian habitats is largely associated with natural disturbance, particularly flooding and scour by seasonal and storm related flood pulses, which creates regeneration of microsites and mediates a source of competition among species (Naiman and DeCamps 1997; Naiman et al. 1993 Naiman et al. , 2005 . Frequent natural or anthropogenic disturbances, however, can also create conditions conducive to alien plant establishment (DeFerrari and Naiman 1994; Planty-Tabacchi et al. 1996; Pyle 1995; Stohlgren et al. 1998) .
We found 170 adventive species in the study area, i.e. 26% of all vascular plants creating floodplain forest communities. Williams (2010) described forty alien plant species (17.8% of the total surveyed flora) in 42 survey sites across the seven islands of the Allegheny River Islands Wilderness (ARIW, northwestern Pennsylvania). The alien flora of the ARIW included a range of species with varied ecological impact potential, distribution across plant communities, and difficulty to control. Potential control strategies for alien plant species in the ARIW must address the influence of an altered hydrologic regime as well as control protocols for specific species on the islands and surrounding river corridor.
Floodplains are considered vulnerable to the invasion of exotic species (Hood and Naiman 2000; Harris et al. 2005) , due to the combined influence of intensive human exploitation, a high degree of hydrological connectivity that facilitates propagule dispersal and the high spatial and temporal heterogeneity typical for these systems. Globally, anthropogenic alterations to floodplain hydrological regimes have frequently resulted in riparian species invasions (Richardson et al. 2007 ). Vegetation changes are partially structured by reduced flood frequency favouring increased abundance of exotic, sexually reproducing annuals on drier sites. Sites of low flood frequency are more sensitive to future exotic weed invasion and will require targeted management effort. Flow restoration is predicted to benefit propagule dispersal of species adopting dual regeneration strategies, which are predominantly native species in this system (Stokes et al. 2010) . The invasion by alien plant species is a major challenge to the conservation and management of riparian areas which can alter ecosystem structure and function in undesirable ways (Hood and Naiman 2000; Stohlgren et al. 1998) .
The invasive species capable to get dominant are the most dangerous, as in the study area Aster lanceolatus (Řepka et al. 2009 ). Brewer (2010) described a similar example, a significant negative effect of species richness on invasive grass Microstegium vimineum abundance. Altogether, his results suggest that the same factors reducing biotic resistance have even greater direct positive effects on the abundance of an invasive grass and native floodplain specialists. Control of M. vimineum in mature floodplain forest ecosystems should be done selectively to avoid collateral damage of native floodplain specialists. On the contrary, Chiba (2010) published a different example, where the density of endemic snails of genus Ogasawarana was greater in the non-native Casuarina forest than in native vegetation, because Casuarina thick and dense litter protects them from predation by rats. The influence of non-native species on native ecosystems is not predicted easily when interspecific interactions are complex (Chiba 2010) . According to the investigation of Saccone et al. (2010) Acer negundo showed both a high survival in the shade and a high growth in full light. This species could be an example of adaptive plasticity that certainly represents an advantage to give it a competitive edge over native species. Libus et al. (2010) investigated the effect of whole-area site preparation by ploughing and of alternate field and forest crops on the understorey, soil biological activity and physical and chemical characteristics in a commercial forest. Another factor of the study was to assess the effect of the clear-cut size on forest stands. Analyzed were 20-years-old stands of pedunculate oak (Quercus robur) on alluvial sites. The authors did not find any significant differences in vascular plant biodivesity.
Natural riparian corridors are the most diverse, dynamic and complex biophysical habitats on the terrestrial part of the Earth. Riparian corridors, as interfaces between terrestrial and aquatic systems, encompass sharp environmental gradients, ecological processes and communities. Riparian corridors are an unusually diverse mosaic of landforms, communities and environments within wider landscape. They serve as a framework for understanding of the organisation, diversity and dynamics of communities associated with fluvial ecosystems. Riparian corridors possess an unusually diverse array of species and environmental processes and they should play an essential role in water and landscape planning, in the restoration of aquatic systems, and in catalyzing institutional and societal cooperation for these efforts (Naiman 1993) . The establishment of forest edges in the Elbe floodplain and woody plants growth at different conditions was researched by Osterloh et al. (2010) , the suitable shape and woody species composition of forest edges are very important conditions to fulfill biocorridor function (Maděra et al. 2004) . But the role of riparian corridors should be ambivalent because dispersion both, native and adventive species, as Matějček (2007) mentioned. Starting in the 1970s, forestry has been undergoing a fundamental change due to public pressure for changes in forest management practices, triggered by changing demands for ecosystem services (Kimmins, 2002) . Management of floodplain forests in changing environmental conditions, including global climatological changes (Moradkhani, 2010) , is affected by considerable uncertainty. Therefore, an adaptive management is suitable approach. According to Foster et al. (2010) the biodiversity conservation is a necessary part of an adaptive management framework, that will help forest owners and managers implement the sustainable forest management. The proposed concept challenges various domains. Research has to improve its understanding of process interactions across space-time scales, characterized by dose-response models which are essential to understand the robustness (resilience) of a system. Higher education related to ecosystem management should re-focus on scientific competences to the analysis of complex adaptive systems, and the use of control theory to continuously improve policies and practices for ecosystem management. Practitioners in field have to become convinced that the goal of ecosystem management is a ''moving target'', consisting of a portfolio of ecosystem goods and services. They have to internalize the principle of ''rule discovery'' as a systematic learning process to improve management practices and by looking for ''biodiversity in our minds''. It is expected that discussions will be triggered among scholars and practitioners, leading to a set of principles for resource use that consider both, complexity and dynamics of ecosystems (Heinimann, 2010) . Adaptive management is a concept that has been increasingly adopted in natural resource management (Holling 1978; Walters 1986 ). It describes the integration of knowledge gained through research, monitoring and management to evaluate and progressively improve management practices, while spreading risks of failure (Duncan & Wintle 2008) . A key feature of the approach is the explicit recognition of uncertainty about the outcome of management actions (Duncan & Wintle 2008) . In an adaptive approach, alternative management strategies are designed and implemented as comparative experiments to evaluate their efficacy and relative merits in achieving explicite conservation goals. Management actions which are informative, reversible and robust to uncertainty are favoured, thus minimising risk (Lindenmayer & Burgman 2005) . Regular, ongoing monitoring is crucial to the adaptive approach, providing performance evaluation of current management strategies and triggering their review when a disturbance or change in a system is detected (Lindenmayer & Burgman 2005; Duncan & Wintle 2008) . Hence, adaptive management is widely regarded as an effective and powerful framework to support successful management of natural resources (Johnson 1999; Lindenmayer & Burgman 2005) . Building adaptive capacity of interlinked social and ecological systems is assumed to improve implementation of sustainable forest management policies. One mechanism is collaborative learning by continuous evaluation, communication, and transdisciplinary knowledge production. The Model Forest concept, developed in Canada, is intended to encourage all dimensions of sustainable development through collaboration among stakeholders of forest resources in a geographical area. Because the Model Forest approach encompasses both, social and ecological systems, it can be seen as a process aimed to improvement of adaptive capacity to deal with uncertainty and change (Elbakidze et al. 2010 ). The Model Forest seems to be one of the solutions to most conflicts of interest of all stakeholders in the study area.
CONCLUSIONS
• The places of interest (centers of biodiversity, locality of endangered species) were identified in the study area • All developmental stages of forest stands from clearings to mature stands are important to biodiversity maintenance • Key measure should be to repair hydrological conditions of river and the entire alluvium. The meandering river is necessary for creation of habitats of soft-wood floodplain forest communities, the floods are necessary for aplication of dynamic management instead of static protection in situ
• The problem of adventive plants, especialy invasive neophytes is extensive and difficult to resolve • It is suitable for adaptation management assesment to use the umbrella species theory according to environmental conditions • Model Forest approach is recomended in the study area
